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INTRODUCTION
The many recent investigations of the Continental Slope off Georges 
Bank have brought into focus the depositional history, morphology, 
geologic processes, and other salient geologic characteristics of the 
area. These investigations have also served a dual purpose for hazards 
analysis: they have defined what appears to be the most prominent 
geologic hazard, mass movement, and they have provided insight into the 
geotechnical properties of the sediment, one of the primary means for 
assessing the potential for that mass movement.
Attention has been directed to mass movement as the preeminent 
hazard because of its apparent widespread occurrence in the past. Aaron 
and others (in press), for example, reported that up to 37% of the slope 
may have been affected by slump or slide phenomena. Mass movement 
features were also identified by Uchupi (1967) and McGregor (1979); 
Mcllvaine and Ross (1979) presented a detailed description of a slump in 
the area. Establishing whether these events were caused by triggering 
mechanisms, such as oceanographic forces or earthquakes, or by inherent 
instability, such as from times of rapid deposition, is, of course, 
relevant to the present-day stability of the slope. And, although 
information on triggering mechanisms is unavailable, it has been 
established (Emery and Uchupi, 1972) that high rates of deposition did 
characterize the area in the past. In fact, these authors pointed out 
that during low stands of the sea depositional rates were not only 
enhanced by greater proximity to drainage systems, but by greater runoff 
from glacial melt as well.
This past rapid rate of sediment accumulation could have led to 
underconsolidated sediment section and thus to a slope vulnerable to
failure. Even though depositional rates are undoubtedly less at present 
(hemipelagic deposition with a small amount of shelf sediment spillover 
currently predominates (Doyle and others, 1979)), the underconsolidation 
effect of past rapid sedimentation still may be within the sediment 
column, particularly if fine-grain sediments are involved. This is the 
case over much of the area. Doyle and others (1979) showed that 
although a wide variety of grain sizes exist, including sand and clasts 
of glacial origin, silts and clays dominate. This is supported by the 
work of Keller and others (1979) who show that the surficial sediments 
on the Continental Slope off Georges Bank are composed, on the average, 
of more than 80% silts and clays. Further, Hathaway and others (1976) 
found thick sections of fine sediments in several areas during drilling 
operations in the general vicinity of and within the Georges Bank lease 
area.
These finer grain sizes augment the effect of rapid deposition by 
trapping pore fluids more efficiently than sand or gravel. This can 
result in a buildup of excess pore pressure and the creation of a higher 
degree of underconsolidation (hence relative weakness) within the 
sediment column.
The relatively steep declivity of the Continental Slope off Georges 
Bank also is an important stability consideration. Keller and others 
(1979) reported that on the mid and lower slope gradients average 7°. 
Bathymetric data analyzed by Aaron and others (in press) indicate 
gradients of up to 10°. These rather steep slopes would warrent a 
careful hazards analysis even in the absence of the other factors 
mentioned.
Within this geologic setting - with its geotechnical implications - 
the present study was planned and conducted. Our objectives were to
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verify the occurrence of past mass movement, provide more quantitative 
information on slope stability, and establish the general geotechnical 
properties of the sediments. Core sites were selected accordingly, and 
included locations on the open slope, on possible mass movement scars, 
and on possible mass movement deposits (blocks) (fig. 1). The limited 
subbottom penetration of piston coring (less than 6 m in this area) has 
necessarily restricted the scope of our investigation but, nonetheless, 




The piston cores used for the geotechnical studies were collected 
aboard the R.V. ENDEAVOR in August, 1979 and October, 1980. The coring 
system was designed to obtain cores with minimal mechanical disturbance 
because many geotechnical properties, especially those related to 
strength, are vulnerable to the effects of disturbance. The system thus 
differed from conventional systems in many respects. The core sample 
diameter was 89 mm, which is larger than normal piston cores. This 
extra size reduces disturbance during penetration and, in the event of 
distortion on the core edge due to wall friction, permits removal of a 
relatively undisturbed inner core (subcore) for triaxial and 
consolidation testing. In addition, the liner was protected against 
collapse from differential pressure by a special sleeve and 0-ring 
assembly at the joints between the outer barrels. The cutter unit had a 
cutting angle of less than 10° which assured optimum penetration with a 





















































































core) were taped at the ends to achieve a snug fit against the barrel 
and were beveled inside each end to promote a smooth piston action. 
Eleven cores up to 5 m long were recovered.
As was the case during the sampling operation, avoiding disturbance 
was the prime consideration during core processing and storage. Once on 
board the cores were cut into 1-1/2 m sections by using a tube cutter to 
sever the liner and wire saw to part the sediment. Three subsections 
were also cut for later triaxial and consolidation testing. All 
subsections, which were cut from the bottom portions of the cores, were 
X-rayed in order to judge the condition of the sample; only 
"undisturbed" samples were retained for later testing. Finally, the 
subsections were capped, taped, sealed with wax, and stored upright at 
4 C in specially fabricated boxes padded with foam rubber.
The remaining core sections were split lengthwise: one part of each 
section served as the archive half, the other as a working half. The 
archive half was placed in a D-tube and stored in a refrigerated van. 
The working half was taken to the shipboard laboratory for description, 
strength testing, and subsampling.
After a cursory description, "undisturbed" shear strength was 
measured with a four-bladed, 12.7 mm-square laboratory vane at intervals 
of 0.50 m and at lithologic changes. Obvious sand layers, which are 
cohesionless and therefore inappropriate for this type of test, were 
avoided. The blade was inserted normal to the long direction of the 
core and buried at least 20 mm into the sample. In order to guard 
against sample drainage during the application of torque, a rotation 
rate of 0.0262 radians/second (90°/min) was used. Because of ship 
motion and vibrations, this rapid rate also allowed the test to be 
completed quickly and thus reduced disturbance due to ship motion and
vibration. The accuracy of the vane shear measurements is ±0.30 
kiloPascals (kPa). It is assumed on the basis of previous experience 
(e.g., Booth, 1979) that strength reduction due to the release of 
in situ stresses and mechanical disturbance is generally between 15 and 
30 percent. Remolded strength (strength of thoroughly kneaded sample) 
was also determined with the vane apparatus. Subsamples for index 
property testing were taken at the points of strength measurements, 
placed in plastic bags, and sealed in cans for later laboratory testing. 
These samples, and those taken for triaxial and consolidation testing, 
were transported to the laboratory in a refrigerated (4°C) van. 
Results of the shear strength measurements are presented in Appendix I.
Laboratory 
Index properties
The suite of index property tests (bulk density, water content,
liquid and plastic limits, and grain specific gravity) was conducted
« 
according to procedures recommended by ASTM (1977), with two exceptions.
Grain specific gravity was measured with an air comparison pycnometer 
and all water content data were corrected for salt content. Precisions 
were: water content, +3% (relative); liquid limit, +3% (absolute); 
platic limit, +2% (absolute); grain specific gravity, +1% (relative); 
and bulk density, +2% (relative). Derived from this basic data set were 
plasticity index, liquidity index, and porosity. The values of the
iJr
index properties are presented in Appendix II. 
Triaxial Testing
Consolidated undrained triaxial tests with pore pressure
measurements were conducted in accordance with procedures given by 
Bishop and Henkel (1957). Briefly, for each set of tests three 
specimens were cut from the prime core sample and trimmed to a right 
cylinder 50 mm in diameter and 100 mm in height. The specimens were 
then placed in triaxial cells, saturated, and consolidated to 
approximately 1.0, 2.0; and 4.0 times the assumed in situ overburden 
pressure. After consolidation was complete, the specimens were sheared: 
generally at a rate of 0.015 mm/min. Data from all phases of the tests 
were logged by an automatic data acquisition system.
The test results are presented in tables and graphs in Appendix 
III. Information about each sample, including index properties, test 
conditions, and laboratory data are given in that appendix along with a 
full explanation of symbols and graphs.
The angle of internal friction with respect to effective stress and 
cohesion (C'), which are necessary for evaluating slope stability, were 
derived from p'-q diagrams. Specifically, a continuous plot of p' = (a' + 
crT )/2 versus q=(cr 1 -a 0 /2) for each of the three levels of confining
£. J.   i.
pressure results in three stress paths, where errand tf~ are the major and 
minor principal stresses and o ' and $' are the major and minor effective 
principal stresses. The line that best encloses these stress paths is 
drawn, and its slope and its intercept a are calculated. The values of 
internal friction $ ' and cohesion C' are calculated from the following 
relationships: sin<j>'tana and C' = a/cos<J>'.
RESULTS AND INTERPRETATIONS
Analyses of the 11 cores recovered are still underway, as are the 
analyses of 7 additional piston cores recovered during cruise operations 
in 1980. The results presented herein are thus partial, and
generalizations or interpretations based on them are subject to change. 
All types of analyses that are complete or nearly complete for an entire 
core are included in this report. No consolidation test results are
available at this time. 
%
Shear Strength
Considering the average length of the cores (about 2.5 m), the 
shear strength values in general are unusually high. As shown in the 
data summary (table 1), the range is from 3.1 to 50.2 kPa, with a mean 
of 9.5 kPa. This average is about twice the strength that would be 
expected for normally consolidated fine-grained sediments and is higher 
than that reported by Keller and others (1979) for cores taken within 
the same general area. The highest single value measured, 50.2 kPa, was 
from a core (PC-57) taken on what appeared in seismic reflection records 
to be a mass movement scar. Approximately 0.5 m of considerably weaker 
sediment (less than 10 kPa) overlie the apparently overconsolidated 
material. Individual strength profiles for the cores are shown in 
figures 2a to 2f. Cores with less than three measurements were not 
plotted. The profiles generally display the strength increase expected 
with depth or, if values are initially high, as in the cases where 
apparent mass movement scars were cored, they generally remain at about 
the same high value (e.g., PC-59) throughout the core. An exception to 
this is PC-68 (fig. 2f), which shows a decrease in strength downcore. 
PC-68 was taken from a slump or slide block, and an atypical strength 
profile associated with such a feature has been reported previously 
(e.g., McGregor and others, 1979).
Sensitivity, the ratio of natural to remolded shear strength of a 
sediment, is an important measure of the strength lost after
Table 1. Summary of geotechnical data
Natural Water Bulk 
shear strength Sensitivity content density Porosity
(kPa)_________________________(%)________ (g/cc) '__________(%) 
min avg max min avg max min avg max min avg max min avg max
3.1 9.5 50.2 1.5 5.2 15.0 36 53 65 1.66 1.75 1.91 49 59 64
Liquid Plastic Plasticity Liquidity 
____limit__________limit__________index__________index_____ 
min avg max min avg max min avg max min avg max









Fig. 2a. Shear strength (S u) vs. depth in core,
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Fig. 2c. Shear strength (S ) vs. depth in core
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Fig. 2d. Shear strength (Su) vs. depth in core,
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Fig. 2e. Shear strength (S u) vs. depth in core,
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Fig. 2f. Shear strength (s ) vs. depth in core,
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disturbance, such as by shocks from earthquakes or other forms of 
loading. The mean sensitivity of these sediments is 5.2, which 
corresponds to an 84% reduction in strength (table 1). According to the 
classification of Rosenquist (1953), these sediments, on the average, 
would be considered very sensitive, and range from slightly sensitive to 
slightly quick. The most sensitive value (15.0) was associated with 
core PC-57, that also had the highest shear strength. Sediment in this 
core would lose over 90% of its strength if it were shocked. Marine 
fine-grained sediments typically have sensitivities of four or less, 
thus these sediments are slightly more sensitive than normal.
Index Properties
The combination of low water contents, low porosities, and high 
bulk densities is consistent with the abnormal shear strengths (see 
table 1). The extremes for these three variables are especially 
significant for surficial sediments. For example, the maximum water 
content of 64% is much lower than would be expected (typical values 
would generally be over 90%) and a bulk density value of 1.91 g/cc is 
far above the range of 1.50 to 1.60 g/cc that is usually reported from 
surficial sediments. Relatively coarse grain sizes could force the 
typical values toward these extremes and, in fact, Keller and others, 
(1979) report that some of the sediments in this general area contain 
significant sand. However, the unusual values reported here could also 
be attributed to the exhumation of once-buried, and thus more compacted, 
sediment. Size analyses from these cores are not yet available to 
provide further information on the relative effects of texture and 
overconsolidation. It is noteworthy, though, that the cores taken from 
apparent slump scars have the lowest water content, lowest porosity, and
16
highest bulk density values.
Grain specific gravity, measured on 16 samples, averaged 2.70. 
This value is typical of fine-grained terrigenous sediment and is in 
accord with value of 2.71 reported for the New England slope cores 
recovered by Keller and others (1979).
The plasticity data, which here include liquid and plastic limit, 
plasticity index (liquid limit minus plastic limit), and liquidity index 
(the ratio of natural water content minus liquid limit to plasticity 
index) provide a means for classifying sediments. One way this is 
accomplished is by using the plasticity chart devised by Casagrande 
(1948). The chart is divided into fields that embrace the different 
plasticity characteristics of different sediment types. Figure 3 is the 
plot of the samples from this study on such a chart. Note the fairly 
tight cluster that is basically confined to one field: inorganic clays 
of high plasticity. Here, fine-grain sediment of relatively high 
strength (in comparison with soils of lower plasticity) is indicated. 
In addition, a common clay mineral suite is implied. The values shown 
in figure 3 are typical of many terrestrial soils and in fact are quite 
similar to those found in adjacent coastal areas. The plasticity data 
are summarized in table 1.
The vertical profiles of liquidity index, as represented by the 
relationship between natural water content and liquid limit, are shown 
in figures 4a-4d. Note that of the four plots only one (PC-64, fig. 4c) 
shows a water content at or above the liquid limit throughout its 
length. The other cores show only water contents above liquid limits in 
the upper few centimeters, if at all. This is uncharacteristic of many 
surficial muds, which typically have water contents above their liquid 
limits in the upper few meters rather than centimeters. This situation
17
is, however, compatible with the suggestion that once-buried sediment 
may be represented within these cores. The average liquidity index for 
the sediments is 0.90 (table 1), which supports the above suggestion. 
Further, it implies that, on the average, these sediments would behave 
as a plastic if remolded (by an earthquake, for example) rather than as 
a liquid.
The plasticity data also have implications regarding consolidation 
state and the presence of cements. They are discussed elsewhere in this 
report.
Triaxial Testing
The textural and mineralogical implications of the index tests are 
supported by the results of the triaxial analyses. One of the most 
important variables in that regard is the angle of internal friction 
(0'). Determination of this angle for cores PC-1 and PC-2 yielded 
values of 22.6° and 27.2°, respectively. The latter value is typical of 
marine sediments and reflects, as does the plasticity data, the presence 
of fine-grained material with a standard mineralogy (i.e., no exotic or 
rare clay minerals). The value of 22.6° for PC-1 is slightly lower than 
would normally be expected.
Cohesion (c') is the strength of the sediments at zero effective 
stress; that is, the strength due to interparticle attraction alone. 
The values of 9.9 kPa for PC-1 and 7.4 kPa for PC-2 are typical for 
marine sediment of the type sampled.
The stress-strain relationships (shown in Appendix III) indicate 
failure at 8-10% strain in both samples. Failure at 5-15% strain is 
common for most fine sediments and thus these samples are typical. 
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Fig. 4a. Plastic limit, liquid limit, and natural water content vs 
depth in core.
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Fig. 4b. Plastic limit, liquid limit, and natural water content vs 
depth in core.
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Fig. 4c. Plastic limit, liquid limit, and natural water content vs 
depth in core.
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Fig. 4d. Plastic limit, liquid limit, and natural water content vs 
depth in core. 23
SLOPE STABILITY
The mass movement features tentatively identified from seismic 
records were the focal points of the coring operation. The general 
purpose of sampling these sites was to verify that the features were the 
result of mass movement and were not depositional forms or artifacts of 
seismic profiling. If the samples were taken on scars left by mass 
movement, we would expect them to have a much greater shear strength 
than typical surface sediments. Cores PC-1, PC-57, PC-59, and PC-64 
were targeted for scars, and PC-57 and PC-59 showed anomalously high 
shear strengths. It is possible that PC-1 and PC-64 did not hit the 
intended target, or that post-movement deposition prevented the piston 
core on the front reaching the scar. In any case, the data do not show 
that a major strength anomaly (e.g., a scar) was sampled. The other two 
cores showed shear strengths in the upper 0.5 m that were considerably 
in excess of normal expectations at this level. PC-57, in particular, 
with a shear strength of 50 kPa near the top of the core, exemplifies 
what would be expected if a scar were cored.
Abnormally high strength at the surface is not unequivocal proof 
that mass movement occurred; such an effect may also be attributed to 
the presence of cements or to the removal of overburden by scour or 
other types of erosion. Criteria for recognizing the presence of 
cements in marine sediments have been developed by Nacci et al. (1974). 
These criteria include liquidity indices greater than 1.5, sensitivities 
above a value of 4, and certain behavioral characteristics of the 
sediment during loading. As shown for PC-57 and PC-59 (figures 4a and 
4b), the natural water content is well below the liquid limit (the 
actual values shown in Appendix II range from 0.76 - 0.84 and 0.50 -
24
0.76, respectively). Further, if cements, and hence a rigid structure, 
were present, peak shearing resistance would typically develop early, at 
strains of less than 2%. This is well below the strains of 8-10% found 
in this study (see Appendix III). The sensitivity values are in accord 
with the established criterion, however, and even though many of the 
values are marginal (Appendix II), the hypothesis that cements exist in 
these sediments cannot be ruled out on this basis. However, their 
presence is unlikely because other evidence is lacking, as was 
discussed.
Similarly, removal of material by scour seems unlikely. The site 
of PC-57, for example, is located under 1600 m of water in an 
intercanyon area where strong currents normally would not be expected. 
If fact, there is a half meter of rather soupy material above the stiff 
sediment, which implies an absence of scour at least at present. The 
site of PC-59, which was taken farther upslope in 850 m of water, may be 
more vulnerable to scour, particularly at a time of lower sea level. 
This site, as was that of PC-57, is characterized by fine-grained 
sediment of low water content, and erosion would require a current of 
several tens of cm/sec. (Southard, 1974). Although no current data are 
available current velocities of this magnitude would not be expected.
The anomalous shear strengths and index properties, and the lack of 
significant evidence for cements or scour together suggests that some 
form of mass wasting occurred at sites PC-57 and PC-59. Thus, the 
initial interpretations of the high resolution seismic data that these 
sites are mass movement scars is in accord with the geotechnical data.
Assuming that the overburden involved in the mass wasting event was 
normally or underconsolidated, the thickness of the sediments involved 
in the mass wasting may be crudely estimated. In lieu of consolidation
25
test results (not yet available), the formula of Skempton (1954) may be 
applied. It uses the plasticity index to predict the ratio of undrained 
shear strength to effective overburden (Su/a' ) for cases of normal 
consolidation. Accordingly, these sediments should have a Su/a" value 
of 0.22. Thus, the effective overburden values should exceed shear 
strength values by a factor of five. Assuming an average buoyant unit 
weight of 0.62 g/cc (bulk density of 1.65 g/cc minus seawater density of 
1.03 g/cc), and using the strengths found at the two sites, we 
determined that on the order of 10 m of overburden were removed from the 
PC-59 site and perhaps as much as 40 m from the PC-57 site. If 
substantial underconsolidation (and hence lower densities) were present 
in the original (pre-mass wasting) sediment column these estimates could 
more than double.
The fact that mass movement has occurred in the past does not 
necessarily mean that it will occur in the future. In terms of hazards 
evaluations, the appropriate concern is the present stability of the 
slope. This may be addressed by using the infinite slope method of 
stability analysis. The basic equation is:
r\
F - "(1 - u /Y'ZCOS a)tan<J>Vtana
where F is the factor of safety against failure ( <1 is unstable , >1 is 
stable), u£ is the excess pore pressure (above hydrostatic), Y' is the 
buoyant unit weight, Z is the thickness of the sediment, a is the slope 
angle, and <f> ' is the angle of internal friction with respect to 
effective stress. In order to apply the equation the excess pore 
pressure ( ue ) must be known. In these cases it is not. A state of 
normal consolidation (i.e., zero excess pore pressure) must be assumed 
therefore, which is a serious limitation of this type of analysis. The 
veracity of this assumption is dealt with in the discussion of
26
consolidation states. For a first approximation, however, the 
assumption is appropriate and instructional. With u at zero the 
equation may be rewritten as
F = tan <f>'/tanot
Therefore, failure should only occur where the slope is equal to or 
greater than the angle of internal friction. For the two cores that are 
available for this type of analysis, the appropriate data are: 
PC-1, ot=3°, <fT - 22.6°; PC-2, a=2°, <T - 27.2°. Thus, with factors of 
safety of 8 and 15, the surficial sediment on these sites should be 
stable.
The validity of assuming zero excess pore pressure can be judged by 
determining consolidation states. In particular, if a state of 
underconsolidation exists, excess pore pressure is implied and the 
calculated F values would be too high. For normally consolidated 
sediment, the strength to overburden ratio (Su/cf ) should be about 
0.22, as mentioned previously. At the bottom of PC-1 and PC-2, the 
values are 0.32 and 0.52 respectively. A state of overconsolidation is 
thus suggested by the data. The F values, therefore, err on the "safe" 
side.
In a similar fashion, consolidation states may be used to develop a 
general picture of slope stability and thus provide a crude check on the 
more formal infinite slope method. Specifically, the Su/a' values may 
be used to infer relative strength or weakness in a sediment column. Of 
the 9 cores for which data are available, none have values less than 
0.32 and values may be as great as 13. The sites represented by these 
cores are apparently overconsolidated to some degree. The mass wasting 
scars, of course, are very overconsolidated. In sum, estimates of 
consolidation state support the hypothesis that the surficial sediments
27
are stable.
Evaluating the potential for a major mass movement event (involving 
a thickness of several tens of meters, or more) is not possible because 
of the limited penetration of the piston corer. If rates of deposition 
were high at certain times in the past, however, as seems likely because 
slumps or slides apparently have occurred in the area, then thick 
sections of underconsolidated sediment could still exist. And, because 
of the associated excess pore pressures, marginally stable sediments may 
be present. Even given the likelihood that these excess pore pressures 
are dissipating under current conditions, the degree of dissipation, 
hence the present-day stability of the slope, can only be surmized. 
Until more evidence is available, especially from a deep drilling 
program, the exact stability condition of the sediment must remain 
unknown.
CONCLUSIONS
Analyses completed to date suggest the following tentative 
conclusions:
1. The surficial sediments on the Continental Slope off Georges 
Bank tend to be highly plastic, inorganic silts and clays. 
No exotic minerals or abnormal textures were indicated by the 
geotechnical data.
2. Measurements of shear strength and index properties,
and inferences concerning consolidation state suggest that 
the sites of cores PC-57 and PC-9 were once buried under a 
considerable amount of overburden. They may be mass movement 
scars. This finding is in accord with interpretations of high 
resolution seismic reflection data.
28
3. Slope stability analyses and indirect assessments of
consolidation states suggest that the surficial sediments 
cored are stable with respect to mass movement.
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(2.16 m) 1.00 5.1 2.7 1.9 
1.40 3.1 3.1 1.5
PC-68
(2.45 m) 0.14 9.7 3.5 2.8 
0.50 12.8 4.3 3.0 
1.13 12.2 5.2 2.3 
1.50 9.0 4.5 2.0 
1.80 8.1 4.4 1.8





Core no> Water Bulk Liquid Plastic Plasticity Liquidity 






























































































































































































































BULK DENSITY Cg/cc3 i 1.77
VOID RATIO: 1.27
POROSITY: 0.56





































CELL PRESSURE CkPa): 330.CO
BACK PRESSURE CkPai): 300.00
CONSOLIDATION PRESSURE CkPa)* 30.00
ASSUMED EFFECTIVE 
OVERBURDEN PRESSURE CkPa): 20.46
35
CHANGES IN PROPERTIES DUE TO CONSOLIDATION
PROPERTY
HEIGHT Cmm)s 





BULK DENSITY Cg/cc> 


































































































































































































































































































Ao Csq. mm}: 1904.09
Lo Cmm): 98.48
*SHEAR PHASE*
CELL PRESSURE CkPa}: 



















































































































































































































































































































































































































































































































































































































































































































































































































































































SIG3 RATIO EFFSIG1 EFFSIG3 RATIO
CkPa) CkPa) CkPa3
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BULK DENSITY Cg/cc): 1.71
VOID RATIO: 1.49
POROSITY: 0.60
GRAIN SPEC GRAVITY (g/cc): 2.72
LIQUID LIMIT CX): 58.00





































CELL PRESSURE (kPaD: 420.00
BACK PRESSURE (kPa): 360.00
CONSOLIDATION PRESSURE (kPa)i 60.00
ASSUMED EFFECTIVE 
OVERBURDEN PRESSURE CkPa): 19.51
43
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CELL PRESSURE CkPa): 





























































































































































































































































































































































































































































RATIO EFFSIG1 EFFSIG3 RATIO
CkPa) CkPa) 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































BULK DENSITY C9 /cc): 1.67
VOID RATIOr 1.62
POROSITY* 0.62






































CELL PRESSURE CkPa): 420.00
BACK PRESSURE CkPa): 300.00
CONSOLIDATION PRESSURE CkPs): 120.00
ASSUMED EFFECTIVE 
OVERBURDEN PRESSURE CkPa)i 19.35
51










































































































































































































































































































CELL PRESSURE CkPa): 


























































































































































































































































































































































































































































SIG3 RATIO EFFSIG1 EFFSIG3 RATIO 
CkPa) CkPa> C'.Fs)
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BULK DENSITY Cg/cc)* 1.77
VOID RATIO: 1.27
POROSITY: 0.56





































CELL PRESSURE ClcPa): 380.00
BACK PRESSURE dcPa>: 350.00
CONSOLIDATION PRESSURE CkPa) : 30.00
ASSUMED EFFECTIVE 
OVERBURDEN PRESSURE CkPa): 27.80
61






BULK DENSITY Cg/cc) 















































































































































































































































































































































Ao Csq. mm): 1928.56
Lo Cmm): 99.11
XSHEAR PHASE*
CELL PRESSURE CkPa): 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































+ EFFECTIVE SIGMA 1
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BULK DENSITY Cg/cc): 1.77
VOID RATIO: 1.27
POROSITY: 0.56
GRAIN SPEC GRAVITY Cg/cc): 2.71
LIQUID LIMIT C2): 50.00















































CELL PRESSURE CkPa): 410.00
BACK PRESSURE CkPa): 350.00
CONSOLIDATION PRESSURE CkPa): 60.00
ASSUMED EFFECTIVE 
OVERBURDEN PRESSURE CkPa): 28.67
69
CHANGES IN PROPERTIES DUE TO CONSOLIDATION
PROPERTY
BULK DENSITY <g/cc}» 















































































































































































































































































































































Ao Csq. mm): 1888.12
Lo Cmm): 98.06
XSHEAR PHASE*
CELL PRESSURE CkPa) : 



































































































































































































































































































































































































































































































































































































































TOTAL EFFECTIVE - 
STRESS STRESS 



















































































































































































































































































































































































































































































































































































































































































































































































































BULK DENSITY Cg/cc)« 1.70
VOID RATIO: 1.43
POROSITY: 0.60





































CELL PRESSURE CicPa): 500.00
BACK PRESSURE CkPa): 380.00
CONSOLIDATION PRESSURE CkPa): 120.00
ASSUMED EFFECTIVE 
OVERBURDEN PRESSURE CkPa) s 27.16
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BULK DEMSITY Cg/cc): 
















































































































































































































































































































































CELL PRESSURE CkPa): 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































o EXCESS PORE PRESSURE
in
AXIAL STRAIN





























ED-1, PC-Ik 350/380, 350/410, 388/500 86
